The incidence of Kaposi's sarcoma in South Africa is increasing in parallel with the human immunodeficiency virus type 1 epidemic. An 804 bp region in the ORF75 gene of 40 human herpesvirus-8 (HHV-8) isolates from South Africa was sequenced and the phylogenetic relationships were compared to published sequences. Nineteen strains clustered with subgroup B and 11 with subgroup A ; however, the bootstrap values supporting these subgroups were not significant. Three strains grouped significantly with the C subgroup, while eight sequences did not cluster with any of the previously classified subgroups and were termed novel (N). The N subgroup differed from the A, B and C subgroups by DNA distances of 4n8, 4n2 and 4n5 %, respectively, although within the N subgroup there was only 0n4 % variation. The inclusion of this subgroup increased the number of previously described subgroup-specific polymorphisms from 17 to 47 over an 804 bp region. There was sufficient inter-subgroup genetic diversity for a single-strand conformational polymorphism assay to be used to identify them rapidly. Thus, based on analysis of the ORF75 gene, a unique HHV-8 subgroup, termed N, is present in South Africa, which accounts for 20 % of circulating strains. Further studies are required to determine the degree of genetic divergence, distribution and pathogenic potential of this novel subgroup.
Introduction
Human herpesvirus-8 (HHV-8) has been implicated as the causative agent of Kaposi's sarcoma (KS). Sero-epidemiological studies have shown a strong correlation between HHV-8 infection and the risk of developing KS, and HHV-8 DNA is found consistently in KS tissues (Chang et al., 1994 ; Corbellino et al., 1996 ; Martin et al., 1998 ; Monini et al., 1996 ; Moore et al., 1996 b ; Smith et al., 1997 ; Viviano et al., 1997 ; Whitby et al., 1995) . Although the incidence of KS is decreasing in Europe and the USA (Hermans et al., 1996 ; Katz et al., 1994) , it is increasing on a course parallel to human immunodeficiency virus type 1 (HIV-1) infection in sub-Saharan Africa. The continued expansion of the HIV-1 epidemic in South Africa, where approximately 3n4 million individuals are estimated to be infected, is likely to exacerbate this situation (South African Department of Health, 1999) .
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KS is classified into four forms ; classic (Mediterranean), endemic (African), iatrogenic (immunosuppressed) and AIDSassociated (epidemic) (Fife & Bower, 1996 ; Martin et al., 1993 ; Oettle, 1962 ; Wahman et al., 1991) . All of these forms have been shown to be infectious (Wahman et al., 1991) . Classic KS is a sporadic tumour found in elderly Mediterranean or Eastern European men and presents as paranodular skin lesions. Endemic KS is common in equatorial Africa, predominantly in young males and prepubescent children, and is often associated with rapid disease progression. Iatrogenic KS occurs in solid-organ transplant recipients under immunosuppressive therapy. AIDS-associated KS occurs in HIVpositive individuals and is the most fulminant form of the disease, possibly as a result of co-infection with HIV (Wahman et al., 1991) . These different forms of KS are not histologically distinguishable, although genetic studies of HHV-8 sequences have revealed that there are nucleic acid differences associated with the different forms (Boralevi et al., 1998) . However, other studies have not confirmed this (Fouchard et al., 2000) .
The HHV-8 genome contains approximately 170 kb and shows little overall nucleotide variation (Decker et al., 1996 ; Russo et al., 1996) . Recent studies Promega) and both the forward and reverse strands from one clone from each patient were sequenced. Sequencing was performed by the dideoxy chain-termination method using the Cy5 AutoRead sequencing kit (Pharmacia Biotech), the Thermo Sequenase fluorescent-labelled primer cycle sequencing kit (Amersham) or the dRhodamine cycle sequencing ready reaction kit (PE Applied Biosystems).
Sequences from the 41 samples were compared with 14 distinct A, B and C reference strains (Zong et al., 1997) . Alignment was performed by using CLUSTAL W (Thompson et al., 1994) . A matrix of genetic distances between subgroups was determined by performing pairwise comparisons between all the sequences using the DNADIST program from the PHYLIP phylogenetic inference package (Felsenstein, 1993) . Genetic relationships between HHV-8 strains were determined by constructing phylogenetic trees based on the neighbour-joining method of Saitou & Nei (1987) from CLUSTAL W. An unrooted tree was constructed in order to represent graphically the amount of genetic variability between the strains and subgroups. Kimura's two-parameter model was used to generate pairwise distance matrices (Kimura, 1980) and the CONSENSE program from PHYLIP was used to determine bootstrap values for each node. Analyses were performed on 100 consecutive replicates to calculate the probability that a group of strains would cluster together. Bootstrap values of 70 % correspond to a probability of 95 % and were considered significant (Hillis & Bull, 1993) . The 41 sequences have been deposited in GenBank (accession numbers AF243797-AF243837).
Single-strand conformational polymorphism (SSCP) analysis. SSCP analysis was performed by using the 804 bp fragment amplified from the ORF75 region. From the PCR product, 5 µl was added to 45 µl formamide. The DNA was denatured by heating at 96 mC for 2 min. The entire reaction volume (50 µl) was loaded onto a 5 % polyacrylamide gel and run at 200 V for 6 h in 1i TBE buffer. The specimens were run with samples of known subgroups, as determined by sequencing, for comparison.
Results

Phylogenetic analysis of South African HHV-8 sequences reveals a novel subgroup
In order to determine the extent of genetic diversity among South African HHV-8 isolates, the ORF75 gene was sequenced and analysed phylogenetically relative to 14 strains from the A, B and C reference subgroups (Zong et al., 1997) . Nineteen of the South African specimens grouped with subgroup B, 11 with subgroup A and three with subgroup C. Eight sequences did not cluster with any previously identified subgroup and were termed novel (N) strains (Fig. 1) . The placement of the South African isolates in the C and N subgroups was supported by high bootstrap values of 89 and 76 %, indicating that they were significantly different and therefore they were considered as two separate subgroups. Similarly, a bootstrap value of 100 % separated these isolates from the A and B strains. However, subgroups A and B, which included the reference strains, were not separated by high bootstrap values, indicating a low probability that they formed two discrete subgroups. Although there were suggestions of clusters within the A and B groups, none of the nodes within these clusters had bootstrap values greater than 70 %. Thus, according to phylogenetic analysis, distinct A and B subgroups were not supported 
statistically and these isolates were therefore termed A\B strains.
There was no phylogenetic relatedness among HHV-8 strains from different regions within South Africa or from individuals known to have originated from other countries, including Zambia (PP163ZA), Malawi (DS895ZA) and Mozambique (TS652ZA). One patient (DS814ZA), a white homosexual man, harboured a strain that clustered significantly with subgroup C sequences from New York and showed one nucleotide difference from KSHV75, a US strain. However, this strain is probably also circulating locally, as isolates from two HIV-positive black females from Johannesburg (KS70ZA and KS91ZA) were also associated significantly with this group (Fig. 1) . Comparison of the two samples from the same patient (LN7 and PB7) showed that they were closely related, with only three nucleotide differences, possibly indicating a low level of intra-patient genetic variation. The two HIV-negative specimens (KS80ZA and KS82ZA) did not show any unique A novel HHV-8 subgroup from South Africa A novel HHV-8 subgroup from South Africa Table 2 . Inter-subgroup variation between the novel subgroup (N) and the A, B and C subgroups A distance matrix was obtained by using DNADIST in the PHYLIP program, from which the nucleic acid differences were calculated between isolates of the novel subgroup (N) and the three reference subgroups. Values are percentage differences. groupings, but were similar to specimens from HIV-infected patients that were outliers of the A subgroup. The N subgroup appears to be unique to this region, as it has not previously been described. It is, however, relatively common, in that 20 % (8\40) of isolates were shown to cluster within the N subgroup. Individuals infected with N strains showed no unique demographic, clinical or histological features.
Subgroup
Subgroup N shows significant inter-subgroup variation
In order to determine the degree of difference of the N subgroup from the A, B and C reference subgroups, the intersubgroup nucleotide distance was calculated by using the distance matrix algorithm from PHYLIP (Table 2 ). All eight subgroup N strains were compared with subgroup A (n l 7), B (n l 3) and C (n l 3) strains from Zong et al. (1997) . The N subgroup differed from the A, B and C strains by nucleic acid distances of 4n8, 4n2 and 4n5 %, respectively (Table 2), indicating that it was equally different from each of the three reference subgroups. The intra-subgroup variation for each of the South African subgroups was also determined. While the A\B strains differed from each other by approximately 0n6 %, an average intra-subgroup variation of 0n2 % was observed for subgroup C and 0n4 % for the N subgroup (not shown). Thus, while the N subgroup showed significant variation from the established subgroups, strains within the N subgroup showed limited variation relative to each other, similar to subgroups A, B and C.
Subgroup N is defined by 32 characteristic polymorphisms
Three subtypic categories of HHV-8 have been described previously by Zong and co-workers based on 17 characteristic mutations at distinct loci (Zong et al., 1997) . Five of these loci differentiated the A subgroup, one the B subgroup and 11 the C subgroup. We performed a similar analysis on the South African isolates to determine whether they contained these subgroup-specific polymorphisms (Table 3) . Most of the South African A\B strains showed mutations characteristic for either subgroup A (nucleotide positions 563, 618, 867, 1000 and 1085) or subgroup B (nucleotide 633) and, therefore, on the basis of this analysis, would be classified as such. However, they also showed an additional four mutations (nucleotides 636, 995, 1034 and 1035) that were also shared by the reference A and B strains, supporting the phylogenetic data that indicated that the A and B subgroups show significant overlap (Fig. 1) . KS76ZA was unusual in that it had three of the four mutations in common with A\B strains, but none of the other loci that identified the A or B subgroup. This strain showed a similar pattern to ST1, an isolate from a Ugandan AIDS patient, which was considered to be a recombinant strain (Zong et al., 1997) . Only five of the 11 characteristic mutations for the C subgroup were retained by the South African samples (nucleotides 977, 988, 1016, 1084 and 1278) . Four of the C loci were lost, as they now identified the A\B strains (see above), and one was also shared by the N subgroup (nucleotide 1276). Position 1028 was lost, as only one of the three South African C samples had a G at this position. However, a larger sample number is needed to in order to assess fully the degree of divergence at these loci. An additional 33 key diagnostic loci were identified for the N subgroup, which were distinct and overlapped only one of the 17 previously identified loci (nucleotide 1034). The overlap at nucleotide position 1034 and the loss of positions 1028 and 1276 gives a total of 47 loci that defined the four subgroups. These subgroup-specific patterns are indicated as different colours in Table 3 . Over an 804 bp region, this translates to an overall deviation of 5n9 % (47\804) as opposed to 2n1 % (17\804) calculated from the study by Zong et al. (1997) . Table 3 . Nucleic acid polymorphisms in the ORF75 gene KSHV75 is used as the comparative sequence from GenBank (accession no. U75698) and corresponds to a C clade isolate. The following reference sequences were used and are highlighted in bold: C282 and AKS1 are subgroup A, ST2 and 431KAP are subgroup B and ASM70 is subgroup C according to Zong et al. (1997) . The subtypes of various strains are indicated, as determined by sequence analysis (Phylogen) and by characteristic polymorphisms (Polymorph). Sequence data shown in the following colours illustrate the characteristic positions that delineate the different HHV-8 subgroups: magenta, A; green, B; orange, C; blue, N; and red, A/B variants. * Subgroups according to Zong et al. (1997) . † These 17 diagnostic loci were identified by Zong et al. (1997) . Table 4 . Amino acid polymorphisms associated with ORF75 The predicted amino acid sequences of 17 South African HHV-8 isolates and five subgroup reference specimens (shown in bold) are compared with KSHV75 (GenBank accession no. U75698). The polymorphisms represented are all of the mutations determined by comparison with KSHV75. The amino acid sequences are shown in the reverse orientation relative to the nucleic acids sequences in Table 3 as this gene is transcribed in the opposite direction. Amino acids are shown from amino to carboxy terminus; codon 1 represents the first translatable amino acid of the ORF75 gene product. Characteristic phenotypes for each subgroup are represented as follows: magenta, A; green, B; orange, C; blue, N; and red, A/B variants.
* Subgroups according to Zong et al. (1997) .
Subgroup N shows distinct amino acid polymorphisms
The phylogenetic relationships based on the predicted amino acid sequences showed a similar branching pattern to that of the nucleic acid sequences (not shown). To determine whether distinct amino acid mutations differentiated subgroups, similar to the nucleotide analysis, amino acid sequences were aligned and compared (Table 4) . Seventeen subgroupspecific amino acid polymorphisms were found ; two were characteristic for the A subgroup (amino acids 87 and 115), one for the B subgroup (amino acid 91), three for the C subgroup (amino acids 87, 104 and 119) and 12 for the N subgroup (amino acids 27, 66, 93, 102, 103, 104, 105, 168, 169, 174, 192 and 233) . All subgroup N and C strains had the designated mutations, whereas not all A and B subgroup strains shared these loci. Three loci were shared by both A and B subgroups (A\B strains) (amino acids 23, 103 and 104). KS76ZA shared these loci but did not have any other subgroup-specific mutations, similar to the results of the nucleic acid analysis. Although amino acid mutations were less able to define subgroups compared with nucleic acid data, this analysis clearly delineated the N subgroup due to its highly polymorphic nature.
SSCP can be used to identify the novel subgroup
An SSCP assay was evaluated as a rapid method of identifying the N subgroup. SSCP was performed on the 804 bp amplified fragments generated from the ORF75 gene of some of the 41 South African specimens. For convenience, these were labelled based on their similarities to A and B reference strains (four strains from subgroup A, five from B, two from C and five from N). The migration of single-stranded DNA specimens from the A, B or C subgroups did not allow them to be distinguished from one another (Fig. 2) . Some of the A and B strains showed similar migration patterns, confirming their high degree of genetic overlap, while all C subgroup strains showed different patterns. An electrophoretic shift was visible for all five N specimens and, although this was not identical for all samples, it allowed them to be differentiated easily from the A, B and C subgroups. 
Discussion
Phylogenetic analysis of the ORF75 gene of HHV-8 revealed that subgroups A\B and C and a novel subgroup (N) are present in South Africa. The A\B subgroup strains were the most common, as they were found in 29 of the 40 individuals, followed by the N subgroup (n l 8) and the C subgroup (n l 3). The significance of these findings as yet remains unclear, as there are no apparent differences in the clinical presentation or demographic features of individuals infected with strains of different subgroups. There were no genetic differences between HHV-8 from individuals who had asymptomatic infection and those who had clinically confirmed KS. Three isolates from individuals originating from neighbouring countries did not show any difference from the South African strains, although it is not known where these individuals acquired their HHV-8 infection. Thus, while KS has only recently gained prominence in South Africa as a result of the HIV-1 epidemic, the high level of genetic heterogeneity of HHV-8 suggests that this virus may have been circulating in this region for a long time.
Subgroup determination based on polymorphic differences in the ORF75 and UPS75 gene regions has identified three genetic subgroups, A, B and C (Zong et al., 1997) . According to the geographical location from which the samples were obtained, it was suggested that the A subgroup predominates in regions associated with classical KS, whereas the B and C subgroups prevail in Africa, although these associations are often tenuous (Cook et al., 1999 ; Zong et al., 1997) . All subgroups have been found in the USA, and the limited variation between them has led to the suggestion that they originated from a common isolate (Zong et al., 1997) . More recent data for the highly variable ORFK1 region have indicated the complexity of HHV-8 genetic types and the presence of chimeric or recombinant viruses (Poole et al., 1999) . Isolates EKS1, C282, ST1 and AKS1\2, which were originally classified as subgroup A, were reclassified as A\C following analysis of the K1 region. Subgroup C genomes were shown to be divergent upstream of the UPS75 region in ORFK15. Two diverged alleles were identified at this site : the minor form, which includes the prototype C strains ASM72 and HBL6 (Poole et al., 1999) shown in Fig. 1 , and the predominant form.
Since this study focuses on the ORF75 region and not ORFK1 or ORFK15, we have continued to use the original subgroup designations of A, B and C (Zong et al., 1997) .
South African subgroups were determined by sequencing single clones from 41 HHV-8 DNA samples, which were analysed in the ORF75 gene region. The extent of genetic variation within a single patient or as a result of clone bias was not examined, but such variation would probably be minor and would not influence the overall groupings. Comparison of the two samples available from one patient (LN7 and PB7) supports this notion. Based on the 17 characteristic loci in the ORF75 gene, subgroups A, B and C were all found to occur in South Africa, although subgroup C was found only rarely (3\40, 8 %). In addition, a fourth, newly defined, novel (N) subgroup was identified. The N subgroup was defined by 33 mutations, 32 of which were newly described. Of the original 17 loci, 15 were retained, giving a total of 47 key diagnostic polymorphisms within the 804 bp region that defined the four subgroups in South Africa.
A similar analysis carried out across the 267 predicted amino acids of the ORF75 gene product recorded 17 polymorphisms that were characteristic for the four subgroups. The majority of mutations delineated the N subgroup (n l 12), with only one to three point mutations descriptive for the other three subgroups. Subgroup designation based on polymorphisms is therefore limited when using amino acids, compared with nucleic acids. In general, both methods can be used for subtyping as well as delineating strains containing mutations overlapping with A and B subgroups, as well as identifying new strains of HHV-8.
Based on the analysis of specific polymorphisms, it may be concluded that distinct A and B subgroups exist in South Africa. However, this analysis is based on only 6 % (47\804 nucleotides) of the ORF75 gene. More detailed and statistically accurate analysis of this region based on phylogenetic relationships has shown that the A and B subgroups were not supported by strong bootstrap values and hence were termed A\B strains. Closer analysis of the polymorphic changes revealed that the A\B strains shared four specific loci. These loci were previously specific for subgroup C (Zong et al., 1997) , and were subsequently lost with the addition of the N subgroup. Thus, while A and B strains show a subgroupspecific pattern, they also share common mutations that prevent their segregation as distinct subgroups on a phylogenetic tree. The A and B subgroups are also less distinct in other regions of the genome lying just outside of ORF75, where only one nucleotide difference was found between the A and B subgroups (Zong et al., 1997) . Other researchers have also experienced difficulties in identifying distinct A and B subgroups in UPS75 using the prototype A, B and C sequences (Fouchard et al., 2000) . It is interesting that these researchers were using a Zambian strain of HHV-8. Studies done with HHV-8 from Central Africa, Senegal, Cameroon and French Guyana did in fact identify subgroup A and C strains but no A novel HHV-8 subgroup from South Africa A novel HHV-8 subgroup from South Africa isolates from subgroup B. This study examined a smaller fragment (473 bp) in the ORF75 region, which may have allowed for a definitive subgroup analysis of A and C in the absence of B (Fouchard et al., 2000) .
Since the A and B strains are closely related, it is possible that one of these strains may represent the progenitor or that one of these subgroups may have been the original isolate.
The C and N subgroups remain distinct clusters supported by strong bootstrap values and characteristic loci. Within the N subgroup, there was limited variation between the eight sequences analysed (intra-subgroup variation). However, when compared with sequences from other subgroups (inter-subgroup variation), there was a high level of genetic diversity (4n2-4n8 %). Previous analysis of a larger region within ORF75 (UPS75) using subgroups A, B and C showed only 1n5% variation (Zong et al., 1997) . Thus, the addition of the N subgroup has revealed that the ORF75 gene is more divergent than was first realized. Studies in other parts of Africa on both the ORF75 and the K1 regions have not revealed the presence of the N subgroup (Fouchard et al., 2000 ; Kasolo et al., 1998) . Ongoing studies in other gene regions of subgroup N, including ORF26 and T0.7\K12, have revealed that it contains sequences that do not align with previously defined subgroups (G. Hayward, personal communication) , suggesting further that the N subgroup is novel. New HHV-8 subgroups are continually being identified, including subgroup D in the South Pacific (Poole et al., 1999) and samples from Zambian children with febrile illness, which differ significantly from published subgroups (Kasolo et al., 1998) , but the relationship of these new subgroups to N is unknown. It has been hypothesized that HHV-8 is an ancient virus that branched out into its various subgroups over 100 000 years ago (Hayward, 1999) . Thus, the N subgroup may represent a vestige of modern-day HHV-8 subgroups that may have been present for a long period, only coming to the fore as a result of the HIV epidemic. Alternatively, it could be a new subgroup that has evolved due to continuous reactivation of HHV-8 in AIDS-infected individuals, especially in developing countries, where HIV antiviral therapy is not used. More studies on this newly identified HHV-8 subgroup need to be done in order to determine its distribution, transmission, genetic diversity and pathogenic potential.
